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acillus thuringiensis (Bt), a
common bacterium, is revo-
lutionizing agriculture as the

basis of a strategy to protect plants from
insect attack. Incorporated into plants
through genetic engineering, the bacteri-
um’s DNA produces proteins that create
resistance to pests, with little or no harm
to the pests’ natural enemies — thereby
allowing the enemies to continue to sup-
press the pest population. 

The potential benefits of the technology
to agriculture, farmworkers, and the envi-
ronment are tremendous in light of the
financial, human, and environmental costs

of many chemical methods of pest control.
Researchers are finding, for example, that
Bt cotton requires three or fewer insecti-
cide treatments per year, compared with
traditional averages of 5 – 12 insecticide
applications annually for U.S. cotton crops. 

RESISTANCE MANAGEMENT

Despite the potential benefits of Bt technol-
ogy, there is widespread concern that these
gains will be short-lived due to the evolu-
tion of resistance to Bt in pest populations.
With support from the National Research
Initiative (NRI) Competitive Grants Pro-
gram, researchers at Cornell University are
testing resistance management strategies
for Bt-transgenic plants. The scientists 
have created a model system using the dia-
mondback moth (DBM) — the only insect
that has developed Bt resistance in the
field (see illustration) — and broccoli
plants created to express various Bt toxins.

MAINTAINING SUSCEPTIBILITY

The researchers have explored ways to
conserve susceptible DBM genes while
simultaneously allowing Bt-transformed
crops to control the pest species (see
illustration on reverse page). In green-
house and field settings, the scientists
have conducted a series of tests to exam-
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DIAMONDBACK MOTH LARVAE

FEEDING ON A BROCCOLI LEAF

EXPRESSING A BT TOXIN (LEFT)

AND ON A NON-BT BROCCOLI

LEAF (RIGHT).
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ine the effects of various management
strategies, including the proportional
abundance and placement of Bt-express-
ing plants, on the development of Bt
resistance in the insect population.

The researchers have demonstrated
that a separate refuge, in which Bt-trans-
formed plants are separated by some dis-
tance from non-Bt-transformed plants,
provides better results than a mixed
refuge in which Bt and non-Bt plants are
grown together randomly in the field.
They also have observed that larger refuge
sizes are associated with delays in the
onset of pest resistance. If no resistance
strategy is employed, resistance and con-
sequent loss of pest control may appear
within fewer than five DBM generations.

OTHER STRATEGIES

The scientists also have demonstrated that
the common practice of spraying refuges
with a non-Bt chemical may reduce the
population of susceptible insects below
the level needed to maintain susceptibility
in the population as a whole. This finding
has led to consideration of other strate-
gies, such as use of different toxins at dif-
ferent times or in different places.

Historically, insects have proven their
ability to overcome many of the pest control
strategies devised by humans. However,
research is suggesting ways to delay resis-
tance development and to stay ahead of the
resistance cycle through the application of
current pest management techniques and
the development of new ones. ❖


